ABSTRACT
Introduction
Azines are a class of organic compounds containing R 1 R 2 C = N _ N = CR 3 R 4 fragment. Depending on the nature of the substituents R, they are divided in several sub-groups: 1) symmetrical (R 1 R 2 = R 3 R 4 ) and unsymmetrical (R 1 R 2 ≠ R 3 R 4 ); 2) aldazines (R 1 = R 3 = H), ketazines (R 1 R 2 R 3 R 4 ≠ H) and mixed azines (R 1 = H, R 2 R 3 R 4 ≠ H); 3) aromatic and aliphatic; 4) cyclic and acyclic. Numerous examples are well-known ever since 19 th century but only a limited number of synthetic pathways are applied for their preparation. The classical scheme for the construction of acyclic aldazines is based on a reaction of aldehydes with hydrazine [1, 2] . Despite the high toxicity of the latter, the protocol is very fast, simple and efficient and is still widely exploited. Semicarbazide has been also applied as a reagent in a two-step procedure involving thermolysis of the intermediately formed semicarbazones at high temperature [3, 4] . Recently, the transformation has achieved as an environmentally benign solvent-free procedure under microwave irradiation [5, 6] .
Compounds possessing azine moiety are still the order of the day due to the broad spectrum of biological activeity profiles displayed. Ketazines, mixed azines, and cyclic compounds have exhibited antitumor [7] [8] [9] [10] [11] [12] , anti-bacterial [13] [14] [15] [16] [17] [18] [19] [20] , anti-inflammatory [21] , antimalarial dyes [22] , anticonvulsant [23, 24] , insect growth regulators [25] and many other activities. Contrary, acyclic aldazines are much less studied. Unsymmetrical aldazines have shown antitumor [26] , antibacterial [27, 28] , and antioxidant [29] activity. Symmetrical 4-bromo benzaldazine has evaluated as anticonvulsant agent but shown very low activity [30] . Similar monosubstituted benzaldazines have been tested as allosteric modulators [31] and has found that 2-fluoro and 3-fluoro compounds possessed positive activity, while 4-fluoro, 3-chloro, 3-and 4-methoxy, and 3-hydroxy analogues were not active. Recently, a series of unsymmetrical and two examples of symmetrical 3-indolyl aldazines have been studied and have found to exhibit antioxidant [29] and antibacterial [28] activity. The latter presents, to the best of our knowledge, the only record in the literature on the evaluation of antibacterial and antifungal activity of symmetrical aryl aldazines.
In this paper, we report on a synthesis, characterization and qualitative antibacterial and antifungal activity evaluation of a series of 22 symmetrical acyclic aryl aldazines.
Results and Discussion

Chemistry
The titled symmetrical aldazines were obtained by the classical protocol from aldehydes and hydrazine sulphate in ethanol, as shown on Scheme 1. Aromatic aldehydes with varied ring size and type and position of the substituents were chosen in an attempt to study the influence of different factors on the activity. The syntheses of aldazines 20-22 were carried out in ethanol/dimethylformamide instead of pure ethanol due to the limited solubility of the starting aldehydes. The compounds 1-16 and 18-22 were isolated in high to excellent yields (Table 1) after a very simple work-up. The E,E-configuration of the products was assumed on the bases of the previously confirmed by X-ray analysis stereochemistry of a similar symmetrical aryl aldazine sample [6] .
The naphthaldazine 17 possessing a non-conjugated side-chain was obtained in moderate yield from 15 by Mannich reaction (Scheme 2, Table 1 ). As it was found that 17 is less active than the corresponding unsubstituted compound 15, other examples were not synthesized.
All known aldazines, 1-11, 13-16, 18, 19, 21 , and 22, were characterized by a comparison of the melting points with the literature data ( Table 1 ) and by their NMR spectra, given in the experimental section. The structures of the new members, 12, 17 and 20, were additionally confirmed by electrospray ionization mass spectrometry.
Pharmacology
The in vitro antibacterial and antifungal activities of the synthesized compounds against a series of species were determined qualitatively by the agar cup test according to the European Pharmacopoeia [48] . Shortly, suspensions of the test microorganisms were inoculated into sterile melted nutrient agar media and poured into Petri dishes. The bacterial strains were grown in nutrient agar (Serva, Germany) for 24 h at 37˚C while the yeast and fungal strains were incubated in yeast peptone dextrose agar (YEPD) and in potato dextrose agar (PDA), respectively for 72 h at 28˚C. Six per dish wells, each 8 mm in diameter, were prepared. Fifty microliter of each sample in dimethylsulfoxide (25 mg/ml or 12.5 mg/ml) was added to the appropriate well. For pre-diffision the Petri dishes were placed at 4˚C for 2 h. The antimicrobial activity was estimated by the diameter of inhibitory zones (mm) in the agar layer. Control experiments were carried out with the pure solvent. The antibacterial screening demonstrated that half of the tested products, listed on Table 2 , are active against all strains. Inside the benzaldazine series 1-13, the unsubstituted compound 1 exhibited good activities, while the introduction of substituents in the phenyl ring led to loss of activity in general. The only exceptions were 4-hydroxy compound 2 and 2-chloro-4-fluoro derivative 12, both possessing lower activity than 1. The compareson with their non-active position analogues, 2 vs 3-5 and 12 vs 13, could be an indication that hydroxyl group and fluorine atom at para-position slightly reduce the activity of the unsubstituted azine 1, while their effect if ortho-or meta-positioned is significant. Contrary, the introduction of a hydroxyl group in 1-naphthaldazine 14 led to better inhibition against the most part of the Gram (+)-bacteria of the ortho-substituted compound, 14 vs 16, and commensurable or reduced activities of para-hydroxy product, 14 vs 15. The incorporation of a side-chain in 17, where the hydroxyl proton is strongly hydrogen-bondedwith piperidine nitrogen, resulted in an additional reduction of the activity, 15 vs 17.
Antifungal Activity
The antifungal activity of compounds 1-22 were examined against the yeast strains Candida tropicalis ATCC 20336 and Saccharomyces cerevisiae ATCC 9763, and the fungal strain Penicillium chrysogenum CECT 2802. Fluconazole and Itraconazole were used as standard drugs.
The qualitative experiments showed that only four products, three naphthaldazines (14, 15 and 18) and a fluorenealdazine, listed on Table 3 , exhibit significant antifungal activities. The rest of the aldazines gave commensurable zones of inhibition of maximum 10-12 mm. A comparison between the active compounds (Table 3) shows that inside the naphthaldazine series, 2-naphtal-dazine 18 is remarkably more active than its position isomer 1-naphthaldazine 14 against Saccharomyces cer-evisiae and Penicillium chrysogenum, while both com-pounds possess the same activity towards Candida tropicalis. From the other side, the position of the hydroxy substituent in 1-naphthaldazine displayed a reversed effect in respect to antibacterial tests. The pres ence of a 4-hydroxyl substituent, 14 vs 15, led to slight increase of the activity towards the yeast strains tested and reduced activity against the fungal strain, while 2-hydroxy derivative 16 was not active in general. 
Conclusions
A series of 19 known and 3 new symmetrical acyclic aromatic aldazines were obtained. Their qualitative antimicrobial activities were evaluated against 10 bacterial and 3 fungal species. Eleven compounds exhibited good to moderate antibacterial activities, while only four bicyclic azines possessed significant antifungal activities. It was observed that the introduction of substituents in the phenyl ring led to loss of antibacterial activity in general, whereas none of the compounds showed significant antifungal activity. The position isomers 1-naphthaldazine and 2-naphthaldazine exhibited commensurable antibac-terial activities, while 2-naphtaldazine was significantly more active against Saccharomyces cerevisiae and Penicillium chrysogenum. The introduction of a hydroxyl group in 1-naphthaldazine led to better inhibition against the most part of the Gram (+)-bacteria of the ortho-substituted compound and similar or reduced activities of para-hydroxy product. Contrary, the presence of a 4-hydroxy group led to slight increase of the activity towards the yeast strains tested and reduced activity against the fungal strain, whereas 2-hydroxy derivative was not active in general.
Experimental
General
All reagents were purchased from Aldrich, Merck and Fluka and were used without any further purification. 
Preparation of Aldazines 1-16 and 18-22
To a solution of aldehyde (10 mmol) in EtOH (20 ml) and DMF (5 ml, only for the preparation of 20-22) hydrazine hydrate (5 mmol) and then a drop of conc. H 2 SO 4 were added and the mixture was stirred at room temperature for 1 h. The residue formed was filtered off, washed with water and then with EtOH and was dried in air.
1,2-Dibenzylidenehydrazine (1 1,2-Bis(naphthalen-1-ylmethylene)hydrazine (14) . 
Preparation of 1,2-bis((4-hydroxy-3-(morpholinomethyl) naphthalen-1-yl)methylene)hydrazine (17)
To a solution of 15 (1 mmol) in benzene (20 ml) mor- 
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